Abstract. Serotonin 4 (5-HT 4 ) receptor signaling does not only have the physiological function of improving cognition, but might also be helpful in the therapy of Alzheimer's disease (AD) through regulation of the production of soluble amyloid-␤ protein precursor alpha (sA␤PP␣). To analyze the relationship between 5-HT 4 receptor signaling and sA␤PP␣ production, we stably transfected H4 cells with A␤PP and 5-HT 4 receptor (H4/A␤PP/5-HT 4 cells). We found that 24-h incubation with the 5-HT 4 receptor agonist RS-67333 upregulates matrix metalloproteinase-9 (MMP-9). Furthermore, MMP-9 overexpression enhanced sA␤PP␣ levels, whereas knockdown with MMP-9 siRNA decreased sA␤PP␣ levels. When RS-67333 was injected for 10 days in Tg2576 mice, a model of amyloid-␤ peptide (A␤) deposition, there was an increase in hippocampal levels of sA␤PP␣, C-terminal fragment ␣, and MMP-9, as well as a decrease in hippocampal senile plaque number and levels of the 40 amino acid peptide, A␤ 40 . Taken all together, these experiments demonstrate that 5-HT 4 receptor stimulation induces expression of MMP-9 which cleaves A␤PP through ␣-secretase-like activity, leading to an increase of sA␤PP␣ levels and a reduction of A␤ load. 
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The serotonin 4 (5-HT 4 ) G-protein coupled recep- (Fig. 3A) . We found a remarkable 243 increase in sA␤PP␣ levels compared with mock trans-244 fected cultures using western blotting (Fig. 3A) . These (Fig. 3B-D) . (Fig. 3D) , confirming that MMP-9 plays a key 266 role in sA␤PP␣ production. 3 . sA␤PP␣ production by MMP-9 induction. A) H4/A␤PP cells transfected with MMP-9 or mock plasmid were maintained for 48 h in a serum-free medium. The concentrated medium was analyzed by gelatin zymography and immunoblotting using anti-MMP-9 or sA␤PP␣ antibodies. B) H4/A␤PP/5-HT 4 cells transfected with MMP-9 or control siRNA were cultured for 2 days and then treated with serum-free medium or RS-67333 (3 M) for 24 h. The concentrated and immunoprecipitated medium were analyzed by the gelatin zymography and immunoblotting using anti-MMP-9 or sA␤PP␣ antibody, respectively. The tubulin band from the cell lysate was used as an internal control. Band intensities of immunoreactive MMP-9 (C) and sA␤PP␣ (D) were quantified, and the percent intensity normalized with tubulin was indicated. Error bars show S.E.M. (n = 4). **p < 0.01. days. We found an increase in sA␤PP␣ (155 ± 16.3% (Fig. 4A) .
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MATERIALS AND METHODS
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Cells
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Interestingly, the increase in levels of MMP-9 protein was not accompanied by a change in its mRNA lev-284 els (Fig. 4E) . Taken together, these findings validate 4 . Effect of 5-HT 4 receptor stimulation onto levels of MMP-9, sA␤PP␣, and CTF␣ in Tg2576 mice. A-D) RS67333 (3 mg/kg) or saline was intraperitoneally injected into female Tg2576 mice for 10 days. Mice were sacrificed and hippocampi were homogenized for immunoblotting using anti-sA␤PP␣, C-terminal A␤PP, tubulin, or GAPDH antibody and for gelatin zymography. Band intensities of immunoreactive sA␤PP␣ (n = 10 per each group) (B), proMMP-9 (n = 10 per each group) (C), and CTF␣ (n = 5 per each group) (D) were quantified and normalized for tubulin or GAPDH intensity. E) Quantitative RT-PCR analysis showed no difference in the expression levels of MMP-9 mRNA purified from the hippocampi of Tg2576 mice injected with RS67333 (3 mg/kg) or vehicle for 10 days. Data were normalized against ␤-actin (n = 5 each group). Error bars show S.E.M. **p < 0.01; *p < 0.05.
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In this manuscript we have demonstrated that The MMP-9 knockdown study using siRNA showed 337 that sA␤PP␣ levels were 70% of control. MMP-9, 
